The control of domain walls or spin textures is crucial for spintronic applications of antiferromagnets 1,2 . Despite many efforts, it has been challenging to directly visualize antiferromagnetic domains or domain walls with nanoscale resolution, especially in magnetic field.
appealing for exploring axion insulator physics, because it is close to the crossover between n-type (MnBi2Te4) and p-type (MnSb2Te4) conduction 30 . Our MFM images reveal that DWs of A-type AFM order emerge below the Néel ordering temperature (TN ~ 19-25 K) in these topological antiferromagnets. Field dependence of DW signals suggest that the magnetic contrast of DWs comes from the enhanced susceptibility or net magnetization inside DWs. This is caused by the winding of AFM order parameter across a DW, resulting in a spin-flop or spin-flip state inside the DW. This contrast mechanism might be generalized to imaging DWs in AFMs with uniaxial anisotropy. The observed DW width is ~500 nm, which is possibly resolution limited. The domain configuration is randomized after a thermal cycle to > N or a field cycle to the saturated state, indicating random nucleation and weak pinning.
For an A-type AFM with uniaxial anisotropy, there are only two possible domain states, up-downup-down () and down-up-down-up () 32 . They are related to each other by either time reversal symmetry or a fractional lattice translation, so they are antiphase domains and the AFM DWs separating them are antiphase boundaries. Therefore, there won't be any vertex point connected to three or more DWs. Indeed, this is what we observed in all four AFMs. As shown in Note that the AFM DWs in MnSb2Te4 ( = 2) sample show dark contrast at zero field, indicating that they carry finite magnetic moments parallel to the MFM tip moment. In contrast, domain contrast between two AFM domain states was observed in MBST (x=0 and 0.63) at zero fields.
The metamagentic transition is of spin-flip type (HSF~0.3 T) in MnSb2Te4, suggesting the interlayer AFM exchange coupling is much weaker than anisotropy energy 30 . This energetics is similar to that in synthetic AFM (effectively A-type) widely used in spintronics 2, 3, 33 , indicating a similar ferromagnetic configuration inside DWs. However, such ferromagnetic DW has not been reported in natural A-type AFMs 34 . We note that AFM DWs with net moment has been observed in the multiferroic domain boundaries of Z6 vortex domains in hexagonal manganites, where Mn spins form 120° spin order 35 . These AFM DWs are pinned to the structural antiphase-ferroelectric domain walls because of cross-coupling 36 . Note that weak domain contrast due to imperfect compensation near surface was also reported in synthetic AFM 37, 38 . Zero field domain contrast is invisible in MnSb2Te4, but is clearly observed in MBST ( = 0 and 0.63). This is likely due to much smaller saturation moment (~1.5 µB/Mn) of MnSb2Te4 than that of MBST (~3.2-3.5 µB/Mn) 30 . and EuMnBi2, respectively. It is approximately linear for < 2 T, suggesting a susceptibility mechanism.
The red dash line is a linear fit of the low field data. i-l, MFM images taken on the same location of In contrast to MnSb2Te4, the metamagnetic transition (HSF ~3-3.5 T) of MBST ( = 0 and 0.63) is a spin-flop one, i.e., from the A-type AFM state to the canted AFM (CAFM) state 30 . This suggests a significantly stronger interlayer AFM exchange coupling 30 . The spin-flop transition is followed by a saturation transition (HS ~7-8 T) from the CAFM state to the forced ferromagnetic state 30 . These transitions are higher (HSF~5.3 T and HS~20 T) in EuMnBi2, presumably enhanced by the d-f coupling between the Eu and Mn orders 31 . Therefore, it is of fundamental interests to explore the evolution of antiphase AFM DWs in these systems in high magnetic field. As shown in Fig. 2f . Thus, the magnetic susceptibility of the DW is different from that of domain, which can be used for susceptibility imaging in high magnetic field 39 . Indeed, the DW contrast of MBST increases linearly with increasing magnetic field, then rises sharply right before the spin-flop transition as shown in Fig. 2g and 2h . These results confirm that the DW contrast in MBST and EuMnBi2 originates from the susceptibility difference between the A-type AFM ( AA ) and the CAFM ( CA ) states 40 . (see supplementary section 2 for complete data sets) Therefore, our MFM results demonstrate that it is possible to visualize AFM DW in high magnetic field using the susceptibility contrast mechanism.
The observed DW width is ~500 nm, which is probably limited by spatial resolution because it is much larger than the estimated value (≲ 10 nm) from exchange and anisotropy energy 40 (Fig. 2d ). The DWs in MBST and EuMnBi2 disappear above the spin-flop transition ( Fig. 2e and 2l ), suggesting a single domain state within the field of view. In the CAFM state, one expects 3 additional orientation variants (besides the 2 antiphase variants) due to trigonal crystallographic symmetry. CAFM domains in Cr2O3 has been visualized by non-linear optics 29 On the other hand, the Zeeman energy gain in high magnetic field lowers the DW energy, thus favors higher DW density. Although AFM domains are insensitive to small magnetic field because of cancellation of magnetization, DWs with significant net moments or higher magnetic susceptibility would be energetically more favorable in high magnetic field. Indeed, this simple scenario is confirmed by our MFM results. As shown Figure 3 , higher DW density was observed after field cooling through TN with higher magnetic field values in all three MBST samples. breaks the three-fold in-plane symmetry. Yet, the persistence of DWs in the CAFM state is perplexing because there is no obvious symmetry or other constraint to enforce coherent spin rotation inside the DWs. Such behavior might be explained if the exact spin structure of the DWs and its evolution across the spin-flop transition is resolved, e.g. by spin polarized scanning tunneling microscopy 27 , which is beyond the scope of this work. No DW is observed above the saturation transition, consistent with the saturation state where all spins are aligned with magnetic field (Fig. 4h ). Interestingly, a new multi-domain state (size ~10 µm) with DWs reemerges in the CAFM state ( Fig. 4i-4j Our results demonstrate that DWs of A-type AFM order in MBST ( = 0, 0.63 and 2) and
EuMnBi2 and their evolutions in magnetic field can be visualized by MFM utilizing the susceptibility (magnetization) difference between DWs and domains 39 . This susceptibility contrast mechanism is different from the ferromagnetic core mechanism established in synthetic AFM 34 , which explains the DW contrast in MST. For DWs to be in the flop state, the only requirement is uniaxial anisotropy, which is quite general and is satisfied in many functional AFMs 1 . Recent advances in spintronics and 2D materials reveal exciting properties in uniaxial AFMs, e.g. spin Seebeck effect in MnF2 heterostructures 41 , giant tunneling magnetoresistance using CrI3 flakes 42, 43 , and quantum transport in Dirac semimetal EuMnBi2 and related compounds 44 . The visualization and manipulation of DWs in these materials will help to understand the fundamental mechanisms of these fascinating phenomena and their potential applications. Similarly, imaging and control of DWs in antiferromagnetic topological insulators such as MnBi2-xSbxTe4 will facilitate the exploration of chiral edge states at the DWs 6 , and the realization of a single domain state, which is necessary for an unambiguous observation of the axion insulator and QAH states [19] [20] [21] . The weakly pinned DWs observed in MBST family and EuMnBi2 might be manipulated by electric current via spin-transfer-torque 33, 45 , which could lead to low power logic or memory devices.
Methods

Sample preparation
MnBi2-xSbxTe4 : Platelike single crystals were grown out of a Bi(Sb)-Te flux and have been well characterized by measuring the magnetic and transport properties. All three compositions order magnetically below TN = 19-24 K with ferromagnetic Mn-Te layers coupled antiferromagnetically. 
In-situ transport measurement
The Hall and longitudinal resistances were measured with standard lock-in technique with ac current of 0.1 -4 mA modulated at 314 Hz.
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